Background. Chronic undernutrition is prevalent in Mozambique, where children suffer from stunting, vitamin A deficiency, anemia, and other nutritionrelated disorders. Complete diet formulation products (CDFPs) are increasingly promoted to prevent chronic undernutrition.
Introduction
In Mozambique, a diet limited in nutrients and resulting in a nutrient gap is probably one of the causes of the high prevalence of chronic undernutrition or retarded linear growth (around 50% of Mozambican children under 3 years of age are stunted in some provinces) [1] . Because some local diets appear to be limited in micronutrients such as iron and vitamin A, some authors suggest fortification of, for example, edible oils and wheat or maize flour [2, 3] . In addition, the widespread distribution of complementary supplementary foods or complete diet formulation products (CDFPs), including ready-to use therapeutic foods (RUTFs*) such as Plumpy'Nut, has also been suggested as a possibility within public health settings [2, 4] . For example, UNICEF stated that a local extension program would not have achieved its claimed benefits in 2004 in Ethiopia without distribution of Plumpy'Nut [5] . These investigators and agencies, along with others [6] , appear to promote alternative interventions to dietary diversification before carrying out thorough investigations into sustainable strategies using local foods.
Indeed, the use of CDFPs as a public health intervention to prevent chronic undernutrition is new, so far unproven, and may even result in harm [7] . In addition, CDFPs do not have universal approval because they may displace the purchase of local foods and so undermine the local economy. Before the trend of distributing CDFPs continues, the consequences should be thoroughly investigated, especially any unintended consequences resulting from their widespread distribution in public health settings [7] .
In-depth investigations of dietary diversification can be carried out by applying linear programming, a mathematical method that can be used to optimize (minimize or maximize) a linear function that is subject to a set of decision variables and underlies a set of linear constraints. This method has been applied repeatedly to solve problems related to optimized supplementation of nutrients by different foods at minimal cost [8] [9] [10] . For example, linear programming has been applied to inform feasibility studies on fortification of foods in the Mozambican Provinces of Gaza [3] and Zambezia [11] to reduce levels of undernutrition. From their results, the authors appear to suggest that local households would be unable to afford the locally available nutritious foods included in their Minimum Cost of Nutritious Diet. As a consequence, some authors conclude that most households would be unable to meet all their nutritional recommendations from local foods alone [3] [4] [5] [6] .
The current study attempts to illustrate how linear programming can be applied to test the feasibility of using local diet diversity strategies to overcome all the gaps in nutrient supply. This study was carried out in Tete City, the capital of Tete Province in Mozambique, which has a higher prevalence of stunted children (42%) than Gaza Province (27%) [1] . The aim of this study was to determine whether, after carrying out sufficiently rigorous scientific investigations, dietary diversification should be given a high priority by donors and governments to reduce the high prevalence of global chronic undernutrition.
Materials and methods

Food lists used for linear programming
The current study applies the linear programming tool to calculate the minimum cost of various food baskets, which contain a range of locally available foods bought in Tete City. One of the food baskets (basket EPF) provides the recommended amounts of energy, protein, and fat but supplies insufficient amounts of micronutrients. Another food basket (the basic basket or basket B) is fully nutritious (provides at least 100% of all recommended intakes) and was identified as a cost-effective food basket using a standard spectrum of Mozambican foods [3] . Basket B was optimized by using a range of 58 foods that were also used by other investigators [3] and are commonly consumed in Mozambique [12] . A dietary diversification strategy, where micronutrient-dense foods are added using linear programming to overcome specific micronutrient deficiencies, was not applied to optimize basket B. In contrast, food diversity strategies were applied to the remaining four baskets (baskets D1 to D4). To obtain these diversified food baskets, the set of 58 foods used during the linear programming optimization for basket B was applied and was extended step by step by single nutrient-dense, local foods that are rich in nutrients, which delimit the affordability of basket B. After inclusion of such foods, the linear programming optimization was repeated. The food items included to optimize our dietary diversification approach were as follows: basket D1, beef heart; basket D2, beef liver; basket D3, dried fish; and basket D4, fresh moringa leaves (available in the wild at no monetary cost throughout the year), along with heart, liver, and dried fish. Because the specific foods required to meet the recommended nutrient intakes of children aged 1 to 3 years are of particular interest to prevent stunting, the composition of all baskets for a single child was also calculated [13] . It appears that these steps and this approach were not applied by previous investigators during calculation of their food strategy optimization [3] .
Food price collection
Food prices were collected in May and June 2013 from markets, shops, and supermarkets in Tete City. The lowest available price for identical food items was used to optimize the calculations. The prices of a total of 62 food items were collected by a member of the local community. Generally only unprocessed or minimally processed foods were selected, as, on average, the price per nutrient increases with processing, such as peeling, blending, and heating [14] . However, prices of fermented milk products were collected.
Optimization of the local fully nutritious food baskets by linear programming
Information on nutrient concentrations in foods was taken from the USDA National Nutrient Database for Standard Reference, Release 25 [15, 16] ; the FAO/ INFOODS Analytical Food Composition Database Version 1.0 (AnFooD1.0) [17] ; the FAO/INFOODS Food Composition Database for Biodiversity Version 2.0 (BioFoodComp2.0) [18] ; and the Food Composition Tables for Mozambique [19] . Analyses were done using the Solver Add-In of MS Excel 2010 (Microsoft), which applies Dantzig's simplex algorithm [20] to solve linear optimization problems. The parameter set to be optimized within the linear programming algorithm was the total cost of each food basket. The constraints used were the recommended Dietary Reference Intake (DRI) values. DRI values were the Estimated Average Requirements (EAR) from the Food and Nutrition Board, Institute of Medicine, National Academies [21] . The energy recommendations were set for each basket at exactly 100%, and the relative fat content was limited to cover between 15% and 30% of the recommended energy intake. DRIs were calculated individually by age group, sex, weight, and level of physical activity for energy, protein, fat, calcium, magnesium, zinc, iron, vitamin B 1 , vitamin B 2 , niacin, vitamin B 6 , pantothenic acid, folate, vitamin B 12 , vitamin C, vitamin E, and vitamin A (calculated as retinol activity equivalents, RAEs). The absorption of iron (and zinc) is highest from animal sources and is limited by chelators of cations such as phytate or oxalate in foods of plant origin. Therefore, the average proportion of absorbed iron is considered to be only 15% of the consumed amount [22] . Diets composed exclusively of plant products are limited in the bioavailability of iron and zinc, which then may become limiting nutrients. In order to guarantee a sufficient intake of iron and zinc, these are assumed to be absorbable by a factor of only 0.2 and 0.5 respectively, compared with foods from animal origin [23] .
The lowest possible cost of each food basket was calculated for a family of six per day. In detail, the family consisted of a young child of either sex aged 12 to 23 months (900 kcal/day); two children aged 4 to 8 years (1,460 kcal/day each); an adult woman aged 19 to 30 years, pregnant, moderately active (2,660 kcal/day); an adult man aged 19 to 30 years, vigorously active (3,450 kcal/day); and an adult woman aged 51 to 70 years, moderately active (2,330 kcal/day). The total average energy recommendation for this family is 12,260 kcal/day, which corresponds to an average energy recommendation close to the United Nations recommendation of 2,100 kcal/adult/day [24] .
Results
All food baskets, except the EPF basket, which provided only the DRIs of energy and protein, were designed to provide at least 100% of all the EARs for all nutrients. The cheapest combinations of foods from the 58 foods (basket B) that covered all micronutrient needs were selected along with nutrient-dense foods, including offal (basket D1, beef heart; basket D2, beef liver), dried fish (basket D3), and fresh moringa leaves (basket D4).
The costs of the fully nutritious baskets (basket B and baskets D1 to D4) for a Mozambican family of six were all higher than the cost of the EPF basket. The cost of each basket and the relative price changes are shown in table 1. Because the cost-optimized basket EPF only consisted of 2.67 kg of yellow corn and 2.83 kg (approximately 3.17 L) of vegetable oil, it did not supply the recommended amounts of calcium, iron, potassium, zinc, folate, pantothenic acid, or vitamins C, B 12 , A, or E (table 2) . In contrast, each fully nutritious food basket (basket B and baskets D1 to D4) consisted of 5, 6, or 7 foods selected from the range of 58, plus up to 4 nutrient-dense foods (table 3) . Within each basket, the simplex algorithm identified specific foods as dominant sources of energy and nutrients, such as baobab flour in baskets B and D4, beans in baskets D1 and D2, and moringa leaves in basket D4 (table 3) .
Starting the linear optimization with a range of nondiversified foods, the results of the linear programming calculations showed that basket B supplied the most cost-effective fully nutritious diet at a price about 4.4 times higher than that of basket EPF (table 1). The increased cost of basket B resulted from the inclusion of the extra foods needed to supply the recommended levels of essential minerals and micronutrients (table 2) .
However, the cost of basket B could be reduced considerably if a diet diversity strategy was applied and nutrient-dense foods rich in limiting nutrients were included in addition to the initial selection. The reduction in the calculated costs was strongest when dried fish were added to basket B. The total drop in the cost of a fully nutritious basket was then 49%. Moreover, if fresh moringa leaves, which can be harvested in the wild at no cost throughout the year, were included along with dried fish, the calculated cost dropped by more than half (61%). When less than 50 g of beef liver per day for the whole household (table 3) was added to the basket, the drop in cost was lower (only 22%). The linear programming optimization procedure did not select CDFPs in any of the baskets when CDFPs were included in the list of eligible foods.
The composition of a fully nutritious food basket (tables 1 to 3) was also optimized specifically for a child aged 1 to 3 years (child basket D4). The calculated total amount of food in child basket D4 (457 g/day) meets all food and nutrient recommendations for children aged 1 to 3 years [13] at a considerable lower price (tables 1 to 3) . The cost of covering the energy requirements of a child aged 1 to 3 years with RUTFs was calculated to be about US$0.83/day (24.65 Mozambican meticals [MTN]/day), with an assumed cost of RUTF of about US$0.5/100 g (14. 85 MTN/100 g) [4, 9] and 900 kcal/day to be covered for the child, as compared with 8.82 MTN/day for basket D4 (table 1). c. Restricted to 1 kg/day for the whole family of six and 50 g/day for the child aged 1 to 3 years.
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Discussion
Public health interventions to both overcome micronutrient deficiencies and reduce levels of chronic undernutrition usually include three main strategies: supplementation with tablets and capsules, fortification of staple foods, and dietary diversification of local foods. In addition, clinical approaches, such as therapeutic feeding regimens using proprietary products consisting of CDFPs, have been developed to treat cases of acute undernutrition in therapeutic settings. These RUTFs, which were specifically developed to treat severe acute malnutrition [25] , are being increasingly suggested for widespread distribution in public health settings. However, it appears that the justification for their widespread distribution has not been sufficiently substantiated in the literature. More scientific evidence regarding both their effectiveness and any possible unintended consequences within public health settings is needed [7] . In addition, their cost compared with that of locally available, nutrient-dense foods appears to have been relatively underinvestigated in the scientific literature.
The results of the calculations in the current study showed that the energy-, protein-, and fat-based basket (basket EPF) could not meet the recommendations for most micronutrients and that assembling a fully nutritious food basket from commonly available foods (basket B) was associated with a dramatic increase in cost. However, inclusion of even one single food using linear programming changed both the range of nutrients in the basket and its cost. This holds equally true for baskets for a 1-to 3-year-old child as well as for the whole family. The price of the food basket is determined by the supply of limiting nutrients, and the least expensive food that is available locally and rich in these limiting nutrients can be used to overcome this constraint. Linear programming is a standardized method, but the resulting calculations depend entirely on which locally available, more or less nutrient-dense foods are selected by the investigators. In the current study, beef heart, beef liver, and dried fish were found to be readily available all year round at relatively low cost in Tete markets and were thus available to and affordable by the majority of the population. Moreover, if fresh moringa leaves, which can be harvested at no cost locally throughout the year, are included in the basket, there is a dramatic reduction in the calculated cost of a fully nutritious food basket in Tete.
The price optimization approach of the food baskets resulted in the dominant occurrence of one or two foods within each of the baskets B, D1, D2, and D4; these foods were baobab flour, beans, yellow corn kernels, or moringa leaves in varying combinations. Since the algorithm does not take palatability into account, further improvements in the food baskets may be necessary to increase their cultural acceptability to the population. In this context, linear programming can be used to increase the heterogeneity of fully nutritious food baskets, and constraints on minimum and maximum amounts of foods can be included.
Based on data from 2008/09 [26] adjusted for the average inflation rate of 7.53% between 2009 and 2013 [27] , household expenditure on food in Mozambique ranges between 22.86 MTN/day (average of lowest quintile) and 159.60 MTN/day (average of highest quintile). Basket B (158.00 MTN/day) could be afforded by a Mozambican family of six in the richest wealth group (quintile 5) only, whereas basket D4 (61.01 MTN/day) could be afforded by the upper three quintiles (60% of the population) where the third quintile ranges from 58.90 to 85.40 MTN (the average of the third quintile is 70.71 MTN). Basket D4 (1,857 MTN/ month) could also be afforded by those living on the minimum wage, which was legally set at 2,500 MTN/ month for agricultural workers in 2013 [28] . Hence, application of a dietary diversification strategy using linear programming could considerably improve the access to a fully nutritious diet of lower socioeconomic groups, who often have the highest prevalence of stunting [1] .
The prevalence of iodine deficiency is also high in Mozambique [1] . Unfortunately, it was not possible to include iodine recommendations in the current calculations because of lack of data on the iodine content of Mozambican food. However, if dried fish is included in the fully nutritious food baskets (D3 and D4), and assuming the salt used in the fish-drying process is iodized, regular consumption of dried fish could help eliminate iodine deficiency, along with the fact that 58% of households in Mozambique (in 2008) used iodized salt [29] .
Most RUTFs are based on recipes using peanuts, rice and sesame, barley and sesame, or corn and sesame. Between 50% to 62% of the energy comes from fat [4] , and therefore all products are rich in energy, giving them a high ratio of energy to micronutrients [4, 30] . It appears from the literature that not all investigators, when applying the linear programming method, question whether or not RUTFs, compared with dietary diversification, are cost-effective in overcoming the nutrient gap in public health settings. Some attempts have been made to try to reduce the cost of RUTFs by using locally available food [10] , as the cost of Plumpy'Nut in East Africa was estimated at about US$0.5/100 g (14. 85 MTN/100 g) [4, 10] . However, such approaches have been limited due to the patent for the nutrient mix being held by Nutriset, which is the producer of Plumpy'Nut and appears to control the majority of the RUTF market [4] . Based on the price mentioned above, the cost of a daily portion of RUTF for a 1-to 3-year-old child would be approximately three times as high as that of the cheapest diversified diet (basket D4).
After including CDFPs in the list of foods available in Tete and then applying linear programming, the linear programming algorithm did not select these proprietary products into the food baskets among others, because the ratio of their energy-tomicronutrient density is too high compared with the nutrient recommendations in the current study [9, 31] . Although CDFPs are useful in therapeutic settings and when there is a total lack of food (or safe food), the tolerability to CDFPs by the beneficiaries (e.g., regarding possible peanut allergy) has to be considered. Moreover, the majority of women (78%) in Bangladesh considered the taste of some RUTFs unacceptable, and side effects included nausea, vomiting, diarrhea, abdominal distension, and pain (39%) [32] . Where stunting is already prevalent, consumption of energy-dense foods by young stunted children may increase their risk of overweight, obesity, and nutrition-associated noncommunicable diseases [33, 34] , particularly when they are used as a supplement, thus adding excess calories in an attempt to cover the gap in micronutrients. It has been reported that energy-dense foods enriched with micronutrients may increase the incidence of metabolic syndrome [35] and may lead to the marketing of energy-dense foods as "healthy" based on their micronutrient content [28] . The widespread distribution of CDFPs in public health settings is not yet supported by sufficient scientific evidence [7] and is not currently recommended by the World Health Organization (WHO) [36] . Moreover, their widespread distribution may displace purchase of local foods from local markets and so jeopardize the local economy. Indeed, considering the global number of chronically undernourished children, the cost of widespread distribution of CDFPs will be prohibitive even without taking into account any unintended consequences that may arise [10, 31] .
When using linear programming methods, some authors [6, [37] [38] [39] question whether locally available foods can supply sufficient nutrients to meet all WHO recommendations. In the current study, we calculated that in Tete City in Mozambique, all nutrient recommendations can be supplied by locally available foods at affordable cost for the lower socioeconomic groups.
Our findings suggest that interventions, such as distribution of RUTFs, may be unnecessary if thorough investigations using linear programming methods are carried out and can find sustainable dietary diversity strategies. From the calculations reported in this study, it is clear that the results achieved depend entirely on the investigator's selection of the most appropriate micronutrient-dense, low-cost, locally available foods. Dietary diversified baskets composed of these foods can supply all recommended micronutrients and overcome the prevalent nutrient gaps. Dietary diversification is more sustainable, complies with United Nations resolutions (e.g., Right to Food), and supports livelihoods and the local economy, while simultaneously helping to reduce chronic undernutrition and reduce the risk of noncommunicable diseases.
In conclusion, in public health settings it is recommended that sufficiently rigorous scientific investigations be applied using iterative linear programming and the appropriate selections of food containing the limiting nutrients so that dietary diversification can be prioritized by donors and governments to reduce the high prevalence of global chronic undernutrition.
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